The use of essential oils is common throughout the world, and clarification of their detailed effects and pharmaceutical potencies is necessary. Additionally, detailed information regarding the pharmacokinetics of these oils is needed. However, apart from the reports by , there have been few publications dealing with the pharmacokinetics of essential oils.
The absorption route of essential oil inhalation is potentially very complex. It is thought that these routes may be through olfactory receptors and blood (absorption through the mucosa of the olfactory epithelium, air passage, lung, and skin). Pharmacokinetic observation of a single component is possible through the use of radioisotopes. However, as essential oils are composed of multiple components, the use of this method is not applicable.
In this report, GC-MS analysis was used to observe the tissue distribution of the multiple components of the oil of Alpinia zerumbet (Pers.) B.L. Burtt. et Sm. We have previously reported the anxiolytic effect of this essential oil (AZEO) [1e] . Essential oil composition is influenced by a number of factors, including collection time and production region. Therefore, the essential oil was analyzed by GC-MS prior to the onset of experimentation. A detailed GC-MS analysis of AZEO has been reported [1f]. Anxiety-related behavior was evaluated by the light and dark box test (LD), open field test (OF), and the elevated plus maze test (EPM). To facilitate the quantitative analysis of the results, the amount inhaled per mouse was assumed to be 50 μL (8.7 ppm). Because the route of administration was via inhalation, the essential oil was analyzed by both the injection and headspace injection methods ( Figure 1 ). The headspace injection method analyzes only the volatile components, and most of the peaks were composed of four main compounds (α-pinene, p-cymene, 1,8-cineole, and limonene).
Subsequently, quantitative determination was calculated directly by comparison with standards for the four main components. Comparison of the injection method with the headspace injection method revealed that there was little difference in the values obtained for the four main volatile components (α-pinene: 3.6 ± 0.2 mg, p-cymene 5.6 ± 1.1 mg, 1,8-cineole: 5.2 ± 0.6 mg, and limonene: 3.7 ± 0.4 mg).
To examine the correlation between essential oil components and their action, an ethopharmacological study of its anxiolytic effect was conducted. The methods used in this study were LD, OF, and EPM ( Figure 2 ). All the behavioral assessments indicated that inhalation of AZEO had a positive anxiolytic effect. This was especially evident in the EPM (time spent in the open arms), where anxiolytic effects were clearly observed (P < 0.05). The total distance traveled in the OF was unchanged (AZEO, 160 ± 32 m; water, 155 ± 31 m). That is, there was no change in voluntary movements for each treatment.
The tissue distribution of the essential oil was next examined in mice (Table 1) . The blood, liver, kidney, and brain were collected from mice immediately following the EPM (test of the third day). To examine the distribution of components to each internal organ, extraction with n-hexane without drainage was performed. The extracted n-hexane layer was analyzed by GC-MS. The quantitative determination was calculated directly by comparison with standards for the four main components. 1,8-Cineole was not detected in the internal organs after inhalation, although it was a main compound of AZEO. It is thought that 1,8-cineole was promptly metabolized, because it is monoterpene oxide. On the other hand, a large amount of α-pinene was detected in the organs. α-Pinene accumulated in the brain at almost the same rate as in the liver. However, these components chiefly accumulated in the kidney. Interestingly, none of the components was detected in the blood samples. It is thought that the components promptly shifted to the liver, kidney, and brain or were bound with protein in the blood. Additionally, increases in the amount of essential oil metabolites were observed by GC-MS analysis. We plan to examine these metabolites and the interaction of these components and metabolites in future studies. GC-MS quantification of the major components of AZEO (α-pinene, p-cymene, 1,8-cineole, and limonene) was almost identical using either the injection or headspace injection method. After the mice had inhaled the essential oil, a large amount of α-pinene was detected in the organs. With administration by inhalation, the systemic effects of essential oils may be poorly correlated to the initial composition of the essential oil. The major component absorbed by the organs after AZEO inhalation was α-pinene, which was observed to have an anxiolytic effect on its own (data not shown). Therefore, the essential oil component in the largest proportion may not necessarily be absorbed by organs throughout the body in the same quantities and/or ratios. It is necessary to consider tissue distribution in investigating the effects of essential oil inhalation. 
GC-MS analysis:
One μL of either AZEO or authentic standards diluted with n-hexane were injected into a Clarus 500 GC (PerkinElmer, Inc., Waltham, MA, USA) in split mode (flow 50.0 mL/min), equipped with a PerkinElmer Clarus 500 MS operated in the electron impact ionization (EI) mode (70 eV). The MS were recorded within the 50-500 (m/z) range, in full scan mode, which revealed the total ion chromatogram (TIC). Helium was used as the carrier gas at a pressure of 11.0 psi. For identification, the GC was interfaced with the temperatures of the injector base and ionization source, and the temperatures were maintained at 250°C and 230°C, respectively. An Equity-1 (30 m × 0.25 mm ID, 0.25 μm, non-polar column, Supelco Inc, Bellefonte, PA, USA) capillary column was used. The temperature of the column was initially maintained at 35°C for 5 min, then increased at a rate of 3°C/min to 215°C, and maintained for 5 min.
Identification and quantification:
The linear retention index (LRI) of the AZEO components on the Equity-1 column was determined using the retention of a homologous series of n-alkanes containing 24 n-hydrocarbons (C 7 -C 30 ). The LRI was calculated according to the equation proposed by Kováts [2a] . Authentic standards were obtained from the Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan) and Wako Pure Chemical Industries, Ltd. (Tokyo, Japan). C 7 -C 30 saturated alkanes (Supelco, Inc., PA, USA) were used for calculating LRI. The individual peaks were identified by comparison of their retention time and LRI with those of either authentic standards or those from the literature [2b] . Comparisons of fragmentation patterns in the MS with those of authentic standards and/or those in the GC-MS NIST library were also performed. The quantitative analysis was calculated by direct comparison with standard compounds (direct comparisons of total ion chromatogram). In the quantitative analysis calculation using the injection method, values were measured using a volume of 1/200. The quantitative analysis calculation using the headspace injection method was calculated using a geometrical series formula. In the quantitative analysis calculation using the headspace injection method, values were measured using a volume of 1/100.
Animals:
Six-week-old male ICR mice (33.8 ± 1.8 g) (CLEA Japan, Inc., Tokyo, Japan) were used after an adaptation period of 1 week. The mice were individually maintained under controlled conditions of temperature (24 ± 2°C) and light (12 h light/dark cycle; lights on from 08:00) with free access to water and food. The mice had no prior exposure to any of the essential oils and drugs. Each mouse was used once. Five mice were used for each experiment. Experimental procedures were conducted in accordance with the guidelines regarding the care of experimental animals, as approved by the Animal Research Committee at Toho University.
Inhalation of A. zerumbet essential oil (AZEO):
A 55-mm diameter filter paper (Whatman, Tokyo, Japan) was soaked with AZEO and then set on the inside of the lid of a glass container (5 L). After the adjustment period, mice were then exposed to an AZEO concentration of 8.7 ppm. AZEO inhalation was started 90 min prior to the LD, OF and EPM. The density of the essential oil was calculated and it was assumed that all the oils in the container evaporated at 24 ± 2°C. The illuminance in the container was 200 Lx.
Light and dark box test (LD) (first day):
The light and dark box consisted of two compartments: one light area (30 L × 30 W × 30 H cm, 400 Lx) was illuminated by a 100-W desk lamp and painted white, and the dark area (15 L × 30 W × 30 H cm, 10 Lx) was painted black. The two compartments were separated by a partition with a tunnel (6 × 6 cm) to allow passage from one compartment to the other. Mice (n = 5 per group) were randomly assigned to two experimental groups (water control, 8.7 ppm AZEO). Drug administration was via inhalation and occurred 90 min prior to the test. The experiments were performed between 12:00 and 20:00. Animals were placed in the center of the light area facing the wall opposite the tunnel. The total time spent in the light compartment was recorded over a 10min period. The apparatus was cleaned thoroughly between trials [3a] .
Open field test (OF) (second day):
To study potential effects on locomotor activity, each animal was placed in the center of a rectangular area (40 × 40 cm) that was surrounded by 45-cm walls; the black floor was divided into 13.3 cm 2 squares by white lines (center). The apparatus was illuminated with a 200 Lx light at floor level. Mice (n = 5 per group) were randomly assigned to two experimental groups (water control, 8.7 ppm AZEO). Drug administration was via inhalation and occurred 90 min prior to the test. The number of times of entry to the center during a 180 min trial was recorded; this occurred between 12:00 and 20:00 [3b].
Elevated plus-maze test (EPM) (third day):
The elevated plus-maze task consisted of two open arms (20 × 5 cm) and two closed arms (20 × 20 × 5 cm), with the open pair perpendicular to the closed pair. The maze was made of wooden boards, with polyethylene terephthalate (PET) used for the walls of the closed arms. The maze was located 60 cm above the floor. All tasks were carried out during the light period (13:00 -18:00) in a counterbalanced random order. Each mouse was placed at the center of the crossed arms, and its behavior was recorded for 5 min with a web camera (BWC-30L01/SV USB, Buffalo, Inc., Nagoya, Japan). The total of the invasion frequency of each arm was converted into a locomotor activity. The length of time each mouse spent in the open arms was measured. An increase in time spent in the open arms reflects an anxiolytic-like effect [3c]. These arms were illuminated with a 200 Lx light source.
Collection of internal organs and sample preparation:
After the observations ended on the third day (EPM), the mice were euthanized by carbon dioxide gas and the internal organs (blood, liver, kidney, brain) collected. These were processed without drainage and extracted with n-hexane by sonication. The extracts were analyzed by GC-MS under the above mentioned conditions.
Statistical analysis:
All results are expressed as the mean ± S.D. Statistical comparisons between the experimental groups were performed using one-way ANOVA followed by Dunnett's tests.
